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CLINICAL  -MORPHOLOGICAL  AND  IMMUNOLOGICAL  PARALLELS  IN  GUINEA  PIGS 
INFECTED  WITH  VACCINE  AND  VIRULENT  STRAINS  OP  R.  BURNKTTI 


^“Following  is  the  translation  of  an  article  by  0.  S. 
irudima  and  a,  M.  Igonin  (Moscow),  published  in  the 
Russian-language  periodical  Arkhiv  Patologll  (Archives 
of  Pathology)  24(8) i  50-55,  1962*  It  was  submitted 
on  20  May  1961^7 


Following  a  single  administration  to  animals,  live  vaccines 
causo  a  prolonged  and  intensive  immunity. 

In  the  opinion  of  sonw  investigators  /lQ,  19,  237  the  inter¬ 
action  of  the  macroorganism  with  a  vaccine  strain  apparently  rep¬ 
resents  a  principally  new  process  which  has  no  analogies  in  the 
science  of  infectious  diseases.  In  the  opinion  of  others,  following 
the  immunization  of  animals  with  attenuated  vaccina  strains  of 
microbes  an  infectious  diseases  with  an  unusual  course  develops.  The 
entire  process,  both  local  and  general,  bears  a  speolfic  weakly 
expressed  benign  nature  with  an  outcome  of  complete  clinical  and 
anatomical  recovery.  This  position  has  been  confirmed  relative  to 
tuberculosis  vaccine  ^5,  167,  antiplague,  brucellosis  137, 
tularemia  /23,  2jj7»  typhus  7l47,  and  anthrax  /257  vaccines.  This 
same  opinion  is  maintained  oy  I.  V.  Davydovskiy  7S7. 

The  purpose  of  the  present  Investigation  was  a  parallel  clinical- 
morphological  and  Immunological  study  of  changes  in  the  organism  of 
guinea  pigs  which  had  been  infected  with  vacoine  and  virulent  strains 
of  R.  burnetti. 


4'daterial  and  Method  of  Investigation 

The  investigation  was  conducted  on  guinea  pigs  weighing  200-300  g* 
Two  groups  of  animals  (40  pigs  in  each)  were  infected  subcutaneously 
in  the  left  inguinal  area.  Guinea  pigs  of  the  first  group  reoeived 
10,000  cu  ■»  each  of  causative  agent  of  a  vaccine  strain  (strain  BD-1 
/l97)*  and  animals  of  the  second  group  -  10,000  cu  each  of  virulent 
causative  agent  (original  "Grit"  strain). 

*  cu  -  conditional  unit,  l.e.,  the  least  amount  of  causative  agent 
causing  a  positive  serological  reaotion  in  5C#  of  infeoted  guinea 
pigs. 


After  infection  the  animals  were  plsosd  in  pairs  in  glass  jars* 
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Temperature  was  checked  dully  on  10  guinea  pigs  in  each  group# 

For  obtaining  morphological  data  animals  were  sacrificed  (two 
guinea  pigs  each)  on  the  2nd,  4th,  5th,  8th,  loth,  12th,  14th,  16th, 
20th,  25th,  30th,  40th,  60th,  and  90th  days  after  infection#  Frag¬ 
ments  of  internal  organs  -  brain,  heart,  lungs,  liver,  kidneys, 
spleen,  testes,  regional  and  general  mesenteric  lymph  nodes,  and 
subcutaneous  connective  tissue  in  the  area  of  infection  -  were  fixed 
in  tsenkerformol  /«■/,  absolute  ethyl  alcohol,  and  enclosed  in  paraffin. 
Sections  were  stained  with  azure  Il-eoaine  and  methyl  green  -  pyronlne# 

/«■/  Trans,  hote:  This  word  has  not  been  identified  in  available  sources 

In  these  same  periods  blood  was  taken  from  the  animals  for  sero¬ 
logical  investigation  in  the  complement  fixation  reaction,  which  was 
set  up  bv  the  method  described  by  P#  F.  Zdrodovskiy  and  Ye.  M,  Goli- 
nevloh  /j-Q]  . 

Data  from  Clinical  and  Serological  Investigations 

In  guinea  pigs  which  ware  infected  with  the  vaccine  strain  no 
notloaable  increase  in  temperature  was  observed.  In  animals  infected 
with  the  virulent  strain  of  rickettsia,  starting  with  the  10th  day 
a,  febrile  reaction  is  noted  which  achieves  a  maximum  by  the  10— 12th 
day  and  lasts  up  to  the  16th  day  (Fig#  1)# 


Fig.  1.  Febrile  reaction  in  guinea  pigs,  infected  with  virulent  (a) 
and  vaccine  (b/  strains  of  R.  bumetti# 

Key:  (a)  Period  of  observations  in  days# 

At  the  iite  of  infection  in  animals  of  both  groups  infiltrates 
appear  on  the  6th  day.  By  the  11th  day  they  reaoh  a  diameter  of  1  om 
and  beoomo  thlok.  With  the  16th  day  they  are  abated  uua  disappear 
on  the  20— « 6th  day  after  infeotion# 
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In  animals  which  were  infected  with  the  causative  agent  of  « 
virulent  strain  complement-fixing  antibodies  are  revealed  in  the 
blood  sorum  on  the  14th  day  after  infection.  Titers  of  antibodies 
continue  to  increase,  reaching  a  maximum  on  the  20th  day  (lt2560). 
They  remain  on  this  level  up  to  40  days.  After  this  period  a  slow 
lowering  is  observed  in  the  titers  of  antibodies.  On  the  60th  and 
30th  days  tnoir  level  is  reduced  to  1:320  (Fig.  2). 


Fig.  2.  Titers  of  complement-fixing  antibodies  in  guinea  pigs 
infected  with  virulent  (a)  and  vaccine  (b)  strains  of  R.  burnetti. 
Key:  Titers  of  complement-fixing  antibodies;  (b)  Periods  of  obser¬ 
vation  in  days. 


In  guinea  pigs  which  were  infected  with  the  vaccine  strain  of 
rlckettsia  an  increase  of  titers  of  complement-fixing  antibodies  is 
noted  starting  with  the  11th  day,  with  a  maximum  on  the  20th  day 
(1:2560),  After  this  period  titers  are  reduced  and  by  the  60th  day 
reach  levels  of  1:10.  They  do  not  drop  lower  than  this  right  up  to 
the  90th  day. 

Results  of  Morphological  Investigation 

Macroscopically  on  the  guinea  pigs  of  both  groups  edema  of  the 
subcutaneous  cellular  tissue  is  revealed  at  the  site  of  injection 
on  the  1st  clay  after  infection.  On  the  6th  day  extensive  hemorrhage* 
are  noted  in  the  edematous  cellular  tissue,  mainly  around  the  infil¬ 
trate  noted.  The  size  and  thickness  of  the  infiltrates  on  the  ani¬ 
mals  Increase  in  the  later  periods.  Musoles  of  the  abdominal  wall 
are  involved  in  the  inflammatory  process,  and  in  individual  cases 
the  peritoneum.  Expressed  adenitis  of  the  regional  lymph  nodes  and 
enlargement  of  the  spleen  are  observed.  In  the  lungs  starting  with 
the  4th  day  minute  pneumonic  foci  appear  and  they  inorease  rapidly. 

On  the  6th  day  and  later  focal  epeoific  pneumonia  is  developed  in 
all  the  animals.  The  heart  and  brain  remain  without  apparent  changes* 

During  mioroscopio  invsstlgation  of  infiltrates  riokettsia  are 
detected  in  the  oelle  of  connective  tissue  and  extraoellularly  up 
to  10  days  after  infection.  This  period  is  characterised  by  the 
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development  of  plasma  ceils  and  a  macrophagal  reaction  with  the  forma¬ 
tion  of  gigantic  multinuclear  cells,  aometimea  containing  segmento- 
nuclear  loukocytes.  Plasma  cells  begin  to  appear  with  the  4th  day 
and  their  number  continues  to  increase  up  to  16--20  days.  On  the 
25th  day  the  infiltrates  consist  mainly  of  sharply  pyroninophllic 
plasma  cells  at  various  stages  of  maturity*  The  phenomena  described 
are  inherent  to  the  same  degree  to  animals  of  both  groups* 

In  the  brain  changes  are  noted  only  in  the  choroid  plexus, 
where  weak  infiltrates  of  lymphoid  cells  are  apparent  around  the 
vessels • 

In  the  cardiac  muscle,  mainly  around  the  vessels,  in  the  major¬ 
ity  of  animals  beginning  v/ifch  the  6th-Qth  day  after  infection  insig¬ 
nificant  infiltrates  of  polyblasts,  lymphocytes,  and  plasma  cells 
are  revealed* 

In  the  lungs  increasing  pneumonic  phenomena  are  noted  from  the 
1st  day.  In  the  cells  and  extracellularly  rlckettsia  are  detected 
in  large  numbers.  Among  the  proliferating  cellB  there  are  many  plasma 
cells,  which  are  especially  apparent  starting  with  the  16th  day  after 
infection  of  the  animals,  i.e.,  in  the  period  of  morphologioal  restor¬ 
ation  of  pulmonary  tissue. 

In  the  liver  numerous  perivascular  infiltrates  of  basophilic 
cells  and  macrophages  are  observed,  and  in  the  kidneys  of  all  the 
investigated  animals  -  multiple  foci  of  cellular  proliferation  both 
in  the  cortical  and  medullary  layers.  Extensive  cellular  infiltrates, 
mainly  from  plasma  cells,  are  visible  in  tissues  of  the  pelvis.  In 
the  area  of  the  infiltrates  and  around  them  the  cells  of  renal  epi¬ 
thelium  are  partially  subjected  to  dystrophy.  The  presence  of  a 
large  number  of  rlckettsia  in  the  protoplasm  of  epithelial  cells  is 
oharacterist ic • 

In  the  regional  lymph  nodes  noticeable  morphological  changes  are 
noted  already  on  the  2nd  day.  They  lead  to  the  rapid  drawing  out  of 
a  large  number  of  small  lymphocytes  into  the  sinuses  and  further 
into  the  lymph  paths.  Simultaneously  there  are  signs  of  swelling 
and  hyperplasia  of  cells  of  intersinus  reticular  tissue.  Subsequent¬ 
ly  the  hyperplasia  of  reticular  tissue  is  accompanied  by  intensifi¬ 
cation  of  differentiation  of  its  ce1 Is  into  plasma  cells.  Differ¬ 
entiation  is  distinctly  apparent  already  starting  with  the  4th  day 
after  infection  of  animals.  Up  to  the  10th  day  the  plastaocellular 
reaction  and  hyperplasia  of  cells  of  intersinus  retioular  tissue 
proceed  with  particularly  vigorous  tempos  and  reach  almost  a  maximum 
degree  of  expressiveness.  In  the  majority  of  animals  by  this  period 
the  soft  cords  of  the  lumph  nodes  are  made  up  almost  without  exoep- 
tlon  of  plasma  cells  of  a  various  degree  of  maturity. 
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In  the  period  from  the  10th  to  the  16th  days  the  increase  of 
hyporplasia  of  reticular  tissue  and  the  plasmocellular  reaction 
take  place  relatively  more  slowly  than  in  the  inoubation  period. 

Aftor  16-20  days  morphological  symptoms  of  restoration  of  normal 
structure  of  the  lymph  nodes  are  noted:  zones  of  lymphoid  cells 
appear  around  the  follicles  and  sinus  cells  are  restored.  The  struc¬ 
ture  of  lymphoid  follicles  is  normalized  only  by  the  30th—  40th  day. 

The  number  of  plasma  cells  continues  to  remain  large.  Some  retioular 
cells  remain  swollen  right  up  to  90  days. 

Difference  in  morphological  changes  in  the  regional  and  other 
lymph  nodes  is  noticeable  only  up  to  4  days. 

In  the  spleen  distinct  morphological  ohanges  are  noted  starting 
with  the  4th  day  after  infection.  By  this  time  accumulations  of 
basophilic  (pyronlnophllic )  cells  are  noted,  mainly  around  the  tra¬ 
beculae,  blood  vessels,  and  under  the  capsule.  Their  number  increases 
rapidly  and  many  of  them  differentiate  into  plasma  cells.  They  fill 
up  a  large  portion  of  the  red  pulp  already  by  the  6th-8th  day.  Maxi¬ 
mum  accumulation  of  them  takes  place  by  the  10th-12th  day.  Between 
the  12th  and  30th  days  no  notioeable  increase  is  observed  in  the 
number  of  plasma  cells.  After  the  30th  day  the  qualitative  composi¬ 
tion  of  plasma  cells  changes  (in  animals  infected  with  the  vaccine 
strain  this  is  observed  starting  with  the  20th — 25th  day).  Among 
them  mature  forms  start  to  predominate  and  degenerating  forms  appear 
along  with  a  relative  decrease  in  the  number  of  transitional  cells 
end  plasmoblast3.  Distribution  of  plasma  cells  is  nest-like,  and  not 
diffuse,  as  thi3  was  during  the  Incubation  period  and  the  febrile 
period. 

Changes  are  noticeable  in  the  ceils  of  reticular  tissue  already 
on  the  2nd  day.  On  the  4th— 6th  day  they  are  clear  and  are  charac¬ 
terized  by  swelling  and  intensive  multiplication  of  the  reticular 
cells  of  the  inters inus  reticular  tissue.  At  this  time  large  accum¬ 
ulations  of  coarse  polygonal  cells  appear.  By  the  10th— 12th  day 
hyperplasia  reaches  a  maximum.  Over  extensive  sectors  hyperplastio 
tissue  displaces  all  other  cells  with  the  exception  of  plasma  cells. 
Starting  with  the  20th  day  the  cells  as  if  unswell,  i.e.,  their  la 
a  decrease  in  their  volume,  their  protoplasm  becomes  more  basophilio 
(pyronlnophllic).  Between  the  cells  intercellular  spaces  appear 
which  are  filled  mainly  with  lymphocytes.  But  these  ohanges  do  not 
set  in  simultaneously  in  all  sectors  of  the  spleen.  With  the  25th 
day  restoration  of  the  normal  morphological  structure  of  reticular 
tissue  is  expressed  still  more  distinctly.  However,  it  does  not 
return  completely  to  its  initial  condition  even  by  the  19th  day. 

With  the  onset  of  hyperplasia  of  retioular  tissue  the  lymphoid 
cells  are  driven  out  Into  the  sinuses.  Differentiation  and  matura¬ 
tion  of  lymphoid  cells  in  follicles  is  inhibited  considerably  during 
the  entire  period  of  acute  hyperplasia  of  reticular  tissue. 
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Discussion 


It  is  evident  from  what  has  been  set  forth  that  the  incubation 
period  in  experimental  animals  is  accompanied  by  a  building  up  of 
morphological  clianges.  The  Inst  two  days  of  it  are  characterized 
by  expressed  perivascular  infiltrates  and  a  sharply  expressed  hyper¬ 
plasia  of  roticular  tissue  of  the  lymph  nodes  and  spleen.  Notice¬ 
able  hyperplasia  of  reticular  calls  begins  early  -  on  the  2nd— 4th 
day  aftor  administration  of  the  causative  agent  -  and  is  accompanied 
by  the  formation  of  plasma  cells  out  of  them  /ll7»  Consequently, 
already  in  the  incubation  period  a  response  protective  reaction  to 
the  causative  uuont  begins  to  form  and  it  can  be  determined  by 
morphological  methods  of  investigation. 

In  these  tests  antibodies  begin  to  be  determined  in  the  blood 
serum  of  animals  only  in  the  very  end  of  the  incubation  period  and 
even  in  the  period  of  onset  of  fever  (with  the  virulent  strain  of 
ricioettsia) .  But  such  a  late  appearance  of  complement -fixing  anti¬ 
bodies  in  the  peripheral  blood  apparently  does  not  speak  for  their 
inte  formation.  According  to  S.  P.  Vakarina  and  S.  I.  Ginzburg- 
Itylinlna  /S7 ,  antibodies  are  determined  in  the  organs  which  produce 
them  in  quite  high  titers  (1:10 — 1:80)  already  in  6  hours  after  the 
subcutaneous  administration  of  an  antigen  stimulus  to  rabbits.  G.  A* 
Gurvich  and  G.  V.  Shumakova  /Z,  2 £} ,  during  a  determination  of  anti¬ 
bodies  in  extracts  from  the  regional  lymph  nodes,  deteoted  complete 
conformity  between  the  production  of  immune  antibodies  and  the  plaa- 
mocytic  reaction.  Such  a  nature  of  data  were  obtained  by  Ehrich 
and  Harris  /28,  2  Sj7  • 

In  our  investigation  no  differences  were  revealed  in  the  degree 
of  expressiveness  of  morphological  changes  in  the  organs  of  animals 
which  were  infected  with  vaccine  and  virulent  strains.  The  absenoe 
of  this  difference  is  evidently  connected  with  the  use  of  large 
doses  of  causative  agent  for  infection  of  the  animals. 

A  similar  degree  of  expressiveness  of  morphological  changes  in 
the  guinea  pigs  of  both  groups  in  one  case  (virulent  strain)  was 
accompanied  by  expressed  fever,  and  in  the  other  there  was  no  fever. 
The  absence  of  fever  in  animals  infected  with  the  vaccine  strain 
can  be  explained  to  some  degree  by  the  loss  of  pyrogenic  properties 
by  the  causative  agent.  According  to  Wagner  and  associates  /5l7, 
and  also  Wendt  and  Kim  /3£^,  the  febrile  condition  is  connected  with 
the  formation,  in  tissues  and  especially  in  leukocytes,  of  a  pyro¬ 
genic  factor  which  appears  as  a  result  of  the  Interaction  of  endo¬ 
toxin  with  tissue  fluids  and  blood. 

In  connection  with  this  it  is  necossary  to  point  out  the  very 
intensive  development  of  rickettsia  in  the  organs  and  tissues  of 
Infected  animals  during  the  incubation  period.  According  to  Bengtson 
by  the  end  of  the  incubation  period  the  spleen  of  infected 
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guinou  pigs  can  contain  10° — lO1^  infeotious  doses  of  causative  agent* 
Liberation  of  tho  organism  from  the  majority  of  rickettsia  takes 
place  in  G--11  days  after  infection,  i.e.,  still  in  the  incubation 
period  and  in  tho  poriod  of  onset  of  fever  /Io7»  Here  the  endotoxin 
of  rickottsia  is  probably  the  cause  of  the  development  of  fever. 

What  is  the  s ignif icance  of  the  morphologioal  changes  found? 

As  can  be  soon  from  the  literature,  reticular  tissue  responds  differ¬ 
entially  and  specifically  to  stimuli  of  various  nature.  Non-antigenio 
stimuli  (India  ink,  oil)  do  not  cause  noticeable  morphological  and 
functional  reorganization  of  reticular  tissue.  They  only  cause 
local  reactions  which  aro  known  as  reactions  to  a  foreign  body* 
Differentiation  of  cambiogenotic  elements  in  this  case  is  directed 
to  the  maturing  of  polyblasts  and  macrophages  D.  307.  Aoute 
loss  of  blood  leads  to  differentiation  of  reticular*" cells  and  cam- 
biogenetic  elements  of  areolar  tissue  into  hemooytoblasta  and  blood 
cells  27.  Following  antigen  stimulation  the  reticular  oells 
and  cambiogenetlc  elements  of  areolar  tissue  differentiate  into 
plasma  colls  An  antigen  stimulus  is  a  specific  stimulus  of 

"protective  devices"  of  an  organism  /So 7. 

At  present  many  investigators  oonneot  the  formation  of  antibodies 
in  infected  animals  with  the  development  of_a  plasmooellular  reaction, 
pri  .nrily  in  organs  with  reticular  tissue  /§,  9,  217.  It  has  to  be 
assumed  tnat  the  degree  of  functional  reorganization  of  protective 
devices,  in  the  first  order  of  which  stand  organs  with  reticular 
tissue,  depends  on  the  intensity  of  the  influence  of  this  specific 
stimulus • 

In  the  present  investigation  the  morphological  changes  described 
in  the  organs  of  infected  guinea  pigs  can,  in  our  opinion,  be 
appraised  a3  changes  which  are  connected  with  tho  formation  of  immun¬ 
ity  to  tho  particular  causative  agent.  These  changes  are  character¬ 
ized  primarily  by  functional  reorganization  of  cells  of  reticular 
tiosue.  They  are  physiological,  since  they  are  not  connected  with 
a  "breakdown"  of  structure  and  funotion  of  the  organs  and  tissues* 

The  idea  of  the  separation  of  immunological  processes  from  general 
pathological  processes  was  expressed  for  thsfirst  time  by  Ya*  L. 
Rapoport  /2l7*  Our  experimental  findings  apparently  confirm  the 
correctness  of  this  idea, 

Conolus ions 

1. ~*’In  guinea  pigs  a  vaccine  strain  of  R.  burnetti  does  not 
cause  a  clinically  expressed  Illness,  but  leads  to  the  formation  of 
specific  complement -fixing  antibodies,  the  titers  of  which  are  con¬ 
siderably  lower  (1:640)  than  during  infection  with  the  same  dose  of 
a  highly  virulent  strain  (1:2560). 

2.  Under  our  test  conditions  no  difference  was  revealed  in  the 
degree  of  expression  of  morphologioal  changes  in  the  organs  of  guinea 
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iga  which  were  infected  with  virulent  and  vaccine  strains  of 
•  burnetti. 


3.  The  raorphologioal  ohangea  described  can  be  oharaotericed 
as  connected  with  the  formation  of  immunity  to  the  particular  oausa- 
tive  agent 
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